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INTRODUCTION

Plans for upgrading the muon physics program at Fermilab have
been under discussion for several years and typically focus on an improved
muon beam. The Fermilab Summer Study Reports for 1968, 1969, 1970,
1973, 1976 all have papers and discussion on this topic. The last named
study stimulated a detailed design project by the authors on which we re-
port in this document. The general guideline we adopted in this work was
to create a new muon beam design appropriate to the Tevatron era at
Fermilab (1000 GeV protons). The design was further constrained to yield
good performance at present lower proton beam energies (400 GeV). Within
this context, we applied the following design criteria:

i) high efficiency (u/p ~10'5)
ii) low "halo' (halo/beam ~ 5%)
iii) broad tuning range (275 £ p £ 750 GeV)
iv) good optical quality (Rbeamf 3crn)6

v) low hadron contamination (w/y<10 )

vi) freedom from interference with other beams
and equipment

vii) momentum tagging capability (Ap/p < 2%)

viii) acceptable radiation hazard on-site and at site
boundaries.

This preliminary study of several beams along with their associated
1
halos has been done using the Monte Carlo programs DECAY TUR’I‘LE( )
2
and HALO.( ) The CERN-SPS muon beam design expects to realize a halo/
(3)

beam ratio of ~2% over 4x4 meters ; our definition of halo corresponds

to a 10 foot x 10 foot area.
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PROTON BEAM

The overall plan for achieving a proton beam and production target
for muon experiments separate from the existing NO beamline is shown in

(4)

Figures 1 and la. The essential features are taken from TM729 " (alterna-

tive 2) with minor modifications. The path of the beam is 30 milliradians

to the east and 10 feet below the NO beamline. The main points of the pro-
posal are:

D The existing G line is split horizontally with 50 ft. of electrostatic
septa at the Gl manhole.

2) A new tunnel section labeled Gl. 5 will contain 60 feet of Lambertson
magnets which bend vertically.

3) G2 will be extended and contain four 22 foot superconducting dipoles
run at ~ 40 kilogauss. The dipoles will be rotated so that they com-
plete the 10 milliradian vertical bend started by the Lambertsons,
and give a horizontal bend of 30 milliradians.

4) The beam drifts to the Muhall target areas in the vicinity of Enclosure
100 where it is focussed onto the target.

5) The majority of the new beamline can be installed by means of a trench-
ing and pipe burying operation. Since the beam is 10 feet underground,
little earth moving will be required for berm construction. There is
no interference with Nuhall, the Target Service Building, or modifi-
cations to the decay pipe. No penetration of the Neutrino "bathtub"
for containing radioactive ground water is necessary nor is any
digging of radioactive soil.

THE MUON BEAM

The muon beam basically consists of two target stations, a front
end triplet which efficiently collects the parent particles, a decay section,
a hadron absorber, and a part which selects and tags muon momenta and

(5)

reduces halo. We have mainly employed the WANG' ' parameterization of

particle yields with the standard assumption of K/w ~0.1. An alternative
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parameterization which makes a definite prediction for the K/w ratio at high
energies is that.due to Adail('é). The pion yields matching to the acceptance
of the proposed beams are compared for these two parameterizations in
Table I. The WANG pion yields are about twice those of Adair. Adair
predicts a larger K/ ratio than the 10% usually assumed.

In order to check these formulae, we have attempted to reproduce
the muon yields in the existing muon beam at Fermilab (N1 line). We have
used the WANG parameterization, but can scale to the Adair prediction
using the pion yields of Table I. The yields are computed using HALO for
150 and 225 GeV/c operation. The targeting angle of the primary proton beam
onto the target (with respect to the N1 beamline direction) was 0.3 mr and
0.7 mr, respectively,7) which required a small modification to be made to the
HALO subroutine PIGEN where zero degree targeting and production are
assumed. The differences from the zero degree values were <10%. As is
seen from Table II, the predictions are in reasonable agreement with the
measured yields. The geometry of the N1 beamline assumed in HALO is
given in Appendix I.

Four different beam configurations have been considered, although
only the two having the best halo to beam characteristics were modeled in
detail. For completeness, we give all four beam layouts and note that three
of these (called 1-3) have a common front end, Figure 2a, while the fourth
is different, Figure 2b. The primary features of each section are described
below. The design uses the specifications of an existing quadrupole, the
4Q1208, and 20 foot long, 15 kilogauss bending magnets with 4''x6'' aperture.

A, Target Stations

The proton beam will be directed at either of two targets in
Muhall. The two targets will be separated in Z by 24 feet.
The upstream target will be used whenever the pion beam is
tuned for a momentum greater than 600 GeV/c. Using this
scheme the triplet will capture roughly the same P, at high

and low energies. These two targets could be placed in two
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separate manholes similar to the target manhole that now exists
in the decay pipe. It is also possible that a target tube similar
to that in Nuhall could be used. One train car containing the
target, a collimator and the necessary instrumentation should
suffice. The cost of the target tube with its associated tracks
and access tunnel is comparable to the cost of th« manholes.
The manholes offer the advantage of having :vacuum all along

the beam, however servicing and repairing take longer.

Hadron Capture- Section

The purpose of this front-end quadrupole triplet section is to
collect as many pions and kaons from the target in as large a mo-
mentum band as possible. A fifteen foot water-cooled collimator
will be placed immediately downstream of the target to absorb
low energy/wide angle parent particles. This will be followed
by a triplet consisting of ten quadrupoles aligned at zero degrees
with respect to the incident proton beam. The configuration is
the same at 750 and 550 GeV/c; two quadrupoles and a drift space
are interchanged for the 275 GeV/c operation. Beams 1-3
contain bending magnets in a notch arrangement serving to get
rid of the low energy/wrong sign parent particles. All particles
greater than 0. 6p are transported, dispersion-free, to the end

of the decay channel where there is a water-cooled beryllium

absorber. When the channel is tuned for parent momenta
2600 GeV/c, the 1000 GeV diffracted proton beam is carried

along the channel and is dumped at the beryllium absorber.

At lower energies the 1000 GeV beam will encounter a conven-
tional dump in the notch. The FODO channel, when tuned for
275 GeV/c muons, cannot transport the diffracted proton beam
without significant losses. Beam 4 dumps the protons at the
front end and the dipole bending selects + 10% AP/P. This

eliminates early in the beam some of the particles contributing
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to the halo at the end of the beamline. The dispersion at the
momentum slit of Beam 4 is shown in Figure 3. Note that there

is no horizontal focus at the momentum slit, unlike the CERN
beam, but the triplet delivers a parallel beam to the decay FODO.
This selection slightly reduces the muon yield as compared to
Beams 1-3. These are summarized in Table III.

Decay Channel (r/K Decays)

The criteria for obtaining the highest possible muon flux per proton

(9)

have been variously described. As illustrated by the CERN de-
sign, the FODO array provides the most efficient transport system
allowing pions from a wide momentum band to contribute muons to
the desired momentum interval,

The decay channel is a FODO array composed of 4Q120 quadrupoles
having an average half-aperture of 2, 25 inches. The efficiency of
the channel as a function of particle momentum is shown in Figure 4.
This curve was made with the FODO tuned to maximize the muon
flux from parent particles of central momentum P. The transmission
of the beamline was studied using the program DECAY TURTLE,
modified to input a parent production spectrum. The results of
keeping the decay length constant and removing magnets in the

Parent FODO are shown in the following table.

PARENT FODO MUON FODO RELATIVE pu/p
TRANSMISSION
L(feet) No. of Magnets L(feet) 800 305 (GeV/c)
200 15 200 1. 00 1. 00
326 10 200 0.47 0. 41
550 6 200 0.41 0. 30
3370 0 200 0.08 0.06
(parallel beam)
326 10 326 0.9 0.8
143 21 143 1. 03 1.12
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After removing the magnets the channel was tuned for maximum
muon flux while being constrained to match into the Muon FODO.
The quadrupole strength and hence the phase advance per period
is arranged so as to contain with minimum losses the parent
beam of central momentum P and a wide momentum band of
muons resulting from their decay. One can obtain a better
transmission at the expense of a) adding additional matching
sections to take the beam from the Parent FODO, make a small
beam spot on the beryllium plug, and then match into the Muon
FODO, or b) making the distance between quadrupoles, L, the
same for both FODO's. The first option is not very attractive
because the number of magnets required for the matching sec-
tions is comparable to the number removed from the Parent
FODO. The second alternative has the drawback of increasing
the total length and thus increasing the distance that the utilities
have to be extended. In going from L=200 feet to L=326 feet,

the length of the Muon KFODO increases from 1470 feet to

2350 feet. This distance could be reduced somewhat by increas-
ing the phase advance per period in the Muon FODO, but would
save only one magnet and correspondingly only 326 feet. Taking
out more magnets would mean that the angular dispersion,
dé/dp, would be non-zero. The maximum field strength of the
40120 gives a minimum value for L of 140 feet, and has been
included in the table for completeness. We have chosen to study
in detail beams with L=200 feet for both FODOs. Use of a phase
advance of ~ 60 degrees per FODO period for all momenta
yields both good transmission and a reasonably small spot size
at the beryllium absorber so multiple scattering can be minimized.
In this way the absorber can be located within the FODO without

additional matching sections. Typically, only a small part of the
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halo at the end of the beam originates in the decay channel, as
shown by Figure 5.

Muon Transport Section

At the end of the decay section and the beginning of the final
FODO section is a hadron absorber which reduces the w/y con-
tamination at the end of the beam to <10_6. The absorber, ~ 35
feet of beryllium, is located immediately downstream of the last
quadrupole of the decay channel and inside the first dipole of the
Muon FODO. This will also serve as the primary proton dump
when the beam is tuned for high energy positive muons. Follow-
ing the absorber the first bending magnet selects the desired
muon momentum band. Optically this is followed by a continuation
of the Parent FODO. The four beams differ in the number of
FODO periods used to transport the beam from the absorber to
the detector and in the direction of bending, as shown in

Figures 8a, 8b, and 8c. In the case of Beam 4, we have simply
used the same muon FODO as for Beam 2. Most halo at the ex-
periment originates after the absorber, and Beam 2 is found to
have the best halo to beam characteristics. It is envisaged, when
desired, that momentum tagging of individual muons entering the
detector can be accomplished by following the trajectories through
the last dipole, using MWPC's and scintilation counters. The
muon yields at the detector for beams 2 and 4 are given in

Table Ill. Three complete periods are used to rotate the phase
space by 180 degrees. The final bending magnet, in the same
direction as the first, is placed to cancel d6/dp. Halo removal

is accomplished by a series of magnitized iron pipes and toroids.
Halo

The halo considerations can be separated into two parts. There
is the direct question of how many muons accompany the beam

into the detector, and also how many muons irradiate the outside
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world., We have been particularly concerned with reducing the
former, although we have also estimated the latter. As noted in
the 1976 Summer Study(lo), the halo muons are best removed by
interposing magnetized iron to deflect them away from the beam.
The elements introduced are iron toroids (at magnetisations of

15 kg) and sections of magnetized iron beam pipe (this mupipe is
described in Appendix III). The mupipe introduces a hard magnetic
edge close to the extreme excursion of the beam; we use a

pipe with internal and external radii 2 and 3 inche s, respectively.
The radial dimensions were varied in the study and the criticality
of the alignment was estimated. These are followed at strategic
places with large magnetic toroids placed so as to intercept the
halo deflected out by the mupipe ard this clear out the larger area.
There are two toroid sections, one 4 feet and the other 3 feet in
radius. Both are 40 feet long with a 3 inch radius hole.

The initial deflection of the unwanted muons is started by the
mupipe, and then increased further by the large toroids. This halo
distribution at the detector, before any attempt is made to deflect
halo from the beam direction, is shown in Figure 6 for Beam 2.

We assume the detector would present a cross section not larger
than 120" x 120'". However, in order to have a clear working space,
we also define an area of 300' x 200'" about the beam. This con-
sideration was used to fix the lengths of the magnetized Toroids.

Program HALO will indicate where in the beam line the of-
fending muons left the aperture and became halo (see Figure 5 for
the beam without magnetic scrapers). This helps in placing the
iron. The scrapers we have considered are labelled in Figures 8
(a,b, c). We started off by assuming a 1" wall, 4" ID mupipe with
5 ft. radius, 40 ft. long toroids. The halo/beam ratios resulting

for various combinations of these elements are given in Table IV,
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From this we have selected beams 2 and 4 for further study with all
of the magnetic scrapers shown in Figure 8 included in both cases.
Note, we have accepted the program decision that once a muon has
hit an aperture it is labelled halo. There remains the possibility
of accepting the beam-like halo, i.e. halo close to the real beam,
as beam provided it is tagged satisfactorily.

We find that use of a 2'" thick beam pipe wall for the first

section of mupipe requires a larger toroid, and have settled on 1"

thick wall with 4 ft. and 3 ft. radii, respectively, for the upstream
and downstream toroids. For Beam 2, we show in Table V the
halo/beam ratio with the final scrapers and the triplet and FODO
tuned to various muon momenta. The halo is rather constant as
the beam momentum decreases.

In order to check the credibility of the HALO results, we
have attempted to model the Nl beam/halo situation. With the
geometry assumed in Appendix I, Table II compares the halo/beam
predictions at both 150 and 225 GeV/c with the observed values.
Note that the magnet maps were rough approximations in the case
of most of the N1 beam quads; the situation was better for the bend-
ing magnets. The 150 GeV/c results are for 300 GeV protons on
target. There is reasonable agreement between prediction and
measurement,

Further Considerations

The low halo-to-beam ratio obtained using the mupipe idea is
clearly dependent on introducing the field as close as possible
to the beam envelope. We have studied the sensitivity of the result
to misalignment by randomly displacing the four sections of mupipe
with results shown in Table VI. Clearly the halo and even the muon

flux are hurt if misalignments exceeding 1/4'" are introduced.
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The effect of quadrupole misalignments was studied, and in general
the further upstream the misalignment and the lower the momenta,
the worse the transmission. Since most of the upstream section of
the triplet is running with the quads at full strength, alignment be-
comes \}éry' critical at 275 GeV/c. Misalignments of 0.1'"" and 0. 25"
on the two quads running at -5.5 kg/in. reduce the flux at the muon
lab by factors of 0.83 and 0. 09 respectively at 275 GeV/c. A 0.25"
misalignment at 800 GeV/c in these same quads yields a 0.93 reduc-
tion factor,

As shown in Figure 9 for Beam 2, there is no strong correla-
tion between the parent decay angle and the muon momenta. However,
there is significant polarization information preserved in Beam 4
(see Figure 10) at the expense of intensity.

At the vicinity of the Muon Lab, the angles of the beam, 6
and @, are small. This means that either a long hydrogen target
or a stacked solid target could effectively be used. The muon fluxes
at ground level at the location of the site boundary were estimated
using HALO, and indicate a maximum radiation level of about
40 mrem/yr., assuming 10 13 protons on target, and 365 days of
operation at a Doubler cycle of 60 seconds. More realistic expec~
tations for annualized total operating times and targetted proton

intensities will reduce this level to the order of 10 mr/yr.
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Table I
Yield Per 1012 Interacting Protons in Hydrogen
Wang Adair
400 GeV Protons 12 11
a7 (0 - 400 GeV/c 1.07 x 10 3.35x 10
0 - 20 mrad
400 GeV Protons 10 10
T {175-400 GeV/c 3.36 x 10 1.53x 10

0 - 20 mrad

¥ 400 GeV Protons

Tr+ {200 - 400 GeV/c 1.87 x 1010 5.81 x 10
0 - 5 mrad

9

p: 4

300 GeV Protons
+ 120 - 300 GeV/c
m {O - 5 mrad

79 x 1010

l. 35 x 10

1000 GeV Protons

=t 350 - 1000 GeV/c

82 x 1010

3.12 x 1019

0 - 10 mrad

1000 GeV Protons
xt {350 - 1000 GeV/c 6.82 x 10
0 - 10 mrad

7.86 x 107

¥*

1000 GeV/c Protons 6 5
+ ., 380 - 1000 GeV/c 2.18x 10 9.34 x 10
0 -1.5mrad

™

sk

1000 GeV/c Protons 5+ 5
K+ {380 - 1000 GeV/c 2,18 x 10 2,02 x10
0 -1.5 mrad

+Assume K/m ~ 0.1,

XCorresponds approximately to acceptance N1 beam,

“Corresponds to acceptance of Beams 1-4 at 800 GeV/c.
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The Predicted (Wang) and Measured Beam and Halo Rates
for the N1 Beam Normalized to 1012 Incident Protons on
One Interaction Length Target [ obtained by multiplying thin
target yields in hydrogen by 0, 37] ,

Predicted Muon

Beam : Measured | Predicted | Measured
Tune | Type Yield u/p Muon Halo* Halo
GeV/e ot K+ Yield Beam Beam
-7
150 |Beam] (2.96£0.52)10 1,7x1077 | 4.7+1.9 1.5
Halo | (1.4 +0.5 )10-6
5.2 + 0.4 )10°7 |(0.86 +0,23)10°° -7
225 |Beam| (5.2 £0.4 ) (0. . 2.5%10 1,3+0.5 1.9
Halo | (7.3 +2.3 )10-7 |(0.37 +0,37)10-7

afe
Defined as coincidence between scintillator planes as in the experiment,
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Table III

Muon Yields at End of Beam for Given Tune per Interacting
Proton in Hydrogen Expressed as u/p

Beam and Tune

AP* Wang Muon from at Ap Adair Muon from K
670 715
. 2 - -
7F}\CI)OGeV/c + (1.06 +0,08) 107> + (0.13 +0.04) 10™°
70 X
99
510 546
. 2 - -
551\(I)OGeV/c i (0.88 £ 0,03) 10”4 1 (0.06 +0.01) 1074
63 62
264 266
. 2 - -
m?%w/c £ (2.96 +0.10) 107* 1 (0,06 £0,01) 10”4
37 5%
No, 4 -6
750 GeV/c — (4.6 +1.3 )10 — —_—
550
No. 4 -5 —
550 GeV/c + (3.0 0.1 )10 —
60
263
No, 4 -4 —
275 GeV/c ﬂ:1 (1.5 +£0.06) 10 —
3

Standard Deviation.
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Table IV
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Halo/Beam Ratio for Various Scraper/Toroid Configurations,

All for 800 GeV/c Tune per Interacting Proton in Hydrogen

Beam
Magnetic Muons Halo
Beam Configuration w/p Beam
| None (1.0 £0.2) 10:2 11
2 (8.37 £1.0) 10 _¢ 10
3 (6.8 +1.4)10 9.5
(S1,83; T1,T2) -6
2 (8.37 +1,0) 10_/ ~ 0,5
3 (6.8 +1.4)10 ~ 0.5
1 (S1, 82,83, S4; T1, T2) (7.6 +1.4) 10:2 ~ 1.0
2 (8.37+1,0) 10_6 ~ 0.1
3 (6.3 +1.3)10_, ~ 0.5
4 (4.6 +£1,3) 10 ~ 0.1
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Table V
Halo/Beam Ratio for Beam 2 per Interacting Proton in Hydrogen

(Statistics for 15, 000 -rr+, and 5, 000 K+)

Parent Particle
and Muon
Momentum Yield Halo Halo
(GeV/c) w/p w/p " Beam
800 w* (1.06 + 0.08) 107> (0.52 +0.21) 10°°
9%
+ -5 -6
800 K (0.13 + 0,04) 10 (0.4 +0.2 )10
600 nt (0,88 + 0,03) 1074 (2.5 +1.1) 107
49,
600 x* (0.06 +0,02) 1074 (1.0 +1.1)107°
305wt (2.96 +0.10) 1074 (2.0 +0.4)107°
7%
305 KT (0,06 +0,02) 10”4 .-
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Table VI
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The Effects of Mu-Pipe Misalignments for Beam 2,
(Yields are per interacting proton in hydrogen.)
Beam Tuned for 550 GeV/c,

Magnitude of Random Pipe Muon Yield Halo Beam
Translation (Inches) w/p (%)
0.0 38+ 0,03) 1074 2.8 +1,2
0.25 0.0 0,6 )10'5 4,4 +1.7
0.50 (4.5 +0,05) 107> 7.7+ 3.0
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FIGURE CAPTIONS

Layout of the new muon beam.

Layout of the new muon beam.

The front end and decay channel for Beams 1-4.

The momentum dispersion at the momentum slit of Beam 4
at 275 GeV/c.

FODO transmission as a function of tune momentum.

p = the central momentum of the parent particles.

The longitudinal points of origin for halo muons inside a
120" radius area at the end of Beam 2.

The halo, defined as muons which have left the beam
aperture, with no magnetic scrapers.

The halo with all scrapers on.

The back end (Muon FODO) for Beams 1-4.

The momentum of the muon beam at the detector versus the
decay angle of the parent pions for Beam 2.

The momentum of the muon beam at the detector versus the
decay angle of the parent pions for Beam 4.

The x distribution of the muon beam at the detector.

The y distribution of the muon beam at the detector.

The p distribution of the muon beam at the detector.
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Pg.34
TM-754
2900.000

. SYS DESCRIATIONG — oo o DATE- 9420223, TIME~268124,20 pAGE 9
POSITICN TYPE . CODES PARAMEY €ERS
e N = LENGTH e e 2 e B e o 2 3 4 3.
£33 146 .500 FY )
——— - -- . DRF.. e - s 13.080-FT
22 159,580 Y : -
APE RECT  9END 2,309 IN 2,000 IN G.9 M 0.0 1IN 3.0 DEG
——— o parm e BEND. e ¥ 8 — Jer T o500 - FT. =1.260.KG 150.000-6V/C -
23 167.050 FT
CRF 1 2,503 FT
-l 26.. 166,580 FYommm v o n =i e a e e chemom ¢ e o = s R
TUN CIRC OIRT 18,003 IN . 0.0 IN 0. 1IN J.3 DEG
: TUNG El.l., © 360,000 IN 264,000 IN 0.0 W 0.0 * IN 0.0 . DEG
cee e 28 o o189 580 FT m i e o e e e e e i e e o e .
DPF 30 !146 809 FY
25 1316.3968 FT
o mee me et eeeim e TUN— - RECT = BIRT o oo - £9433) X“—u-_——-20.000~1M_a_-—»rlz.500.LM 8.8 N G.0._ DEG
TUNO  ELL 600,000 IN 372.000 IN 0.0 1IN 0.0 1IN 0.0 DEG
25 1316.388 FT |
e - c e e APE_ . RECT.... DRE_.. 20330 IR 2.000.-1N. 0..0. 1IN 0.0. —IN_ 0eQ.  DEG . i’
COLL  RECT  VAC At 19.000 IN 20,000 IN =12+500 IN 0.0 IN 0.0 DNEG
) DRF 3 16,750 FT '
—er-26-- 1327.138 FX - s hm e -
APE RECT  DAF 2,000 IN 2,000 IN 0.0 1IN 0.0 IN 9.0 0%6
COLL  RECT  vacl FE 19.0J0 IN 20,000 1IN =12,500 IN 0.0 N 0.0 DEG
e < e e EREF - wce o = m oo+ coomme mmveenJeen. 106 750 FT e e —_— .o
27 1337,888 FT .
APE CIRC  DRF 6,000 IN . G.0 IN 0.0 IN 9.0 DEG
e L] e o e B 210 530 F ¥ :
W 13%9,3e8 FT - . .
TUN RECT n!nr 60,000 IN 60,000 IN 0,0 1IN 0.0 IN 0.0 DEG
e . cemmnmmn s TUND - BLL o om omemene — 633,000 IN 372-000-.18 do3.. I N Dol TH Q@.0....0EC
28 155,368 FT "
APE RECT  BEND 2.000 IN 2000 IN 0.0 _IN 2.9 1IN 0.0 DEG
. ® - B B HEND - MBL4 e n--—-———»*—-—"a'- - 23.000 FT----—-vT.ak‘i- KG-——- —»150.’000,;5?&!*'
29 1379,387 FT
. hPE CIRC  ODRF 6,333 IN 9.0 In 0.0 1IN 8.0 DEG
- - e i wDRF e me m e e s oo Goaens § B0 000 F T . . .
30 1397.387 F¥
4PE RECY  8END 2.000 1IN 2,000 1IN 0.0 1IN 0.0 IW 6,06 OEG
e S e o e - BEND - MBh.oe . e 10 202000 F T #To 865 KG- 150.000.6V/C—
n 1611 387 FY
APE CIRC  DRF 6,000 N 6.0 1IN 0.0 1IN 0.0 DEG
Cee e e T Y B e L B
LI WA, !E'I FT
APE RECT - GEND 2.000 1IN 2,000 N 0.0 iIN g.0 M 0,0 OEG
i m et memmms vee BFND oo HB® cmem o e woee R0eor 236000 BV e 2 T 845 K6 —..-150, 23] .6V/C.
33 1467.3¢6 FT . ,
APE CIRC  DRF 6.000 N 3.0 1IN 2,7 1IN 0.3 DEG
e — ereeeeme DRF e e i oo en Boom 580000 BT e o o i n e s e -
3 1521.386 FT .
APE CI’C QuAD 2,253 1IN .0 N G.0 1IN 0.0 DEG
e s e e e~ QUAD - Q610 e com enead B e §0:000 FT o 020565 MO e - 20500 IN .
3% 1531.386 Fr
APE CIRC  OkF - 6,000 IN 0.0 ¥ 0.0 1IN 0.8 DES
- - - . -« - CRE . . b e s ene mo e Boee. 30,000 FY . .o .

36 1%61.326 FY



Pg.35

"TM~754
2900.000
... SYS DESCRIPTIONe.. e vmoe v o o oo o DATE /20T TIME=260TT4698 . PAGE__ &
POSITICN TYPE © ' topEs . PARAVETERS
—e MO L LENGTH Lol 2l LY e 2 s e eren oo & 5
36 1561,3%¢ FY .
e et ARE.. _ CIRC. QUAD. . oo .. 2250 LN 0.0 ___IN 0.0 1IN 0.0 .DEG .
QAD  Qéld 10 10.000 FY 2, %98 X6 2.53) N
37 1571.385 FY -
——— et e YUNL L _CIRC . DIRT__ . ... 44000 IN___ 0.0 _1N Qod__ TN 3.9___DEG
TuNG  ELL T 360.000 IN 252,000 IN =156.000 TN 0.0 1IN 0.0 DEG
37 1571,395 FT . ;
e e o ARE _CIRC. ORF_ . 6,033 IN 2.0 IN 3.3__1IN 3e)____DEG_
DRF 10 283.100 FT " N
38 1854.465 FT
e e . TUN .. RECT OIRT . ___ 60,000 IN. 60,000 _IN. 0.0 __IN_: °n°.~_1N________Qwo_._ﬂec
TUNG  ELL 4 360,000 IN 252,000 IN «180,000 IN 0.0 IN. 0.0 DEG
39 1854485 FY
- e o e v e APE . ELL .. L QUAB e oo o 20500 IN.o 1,000 IN. Q.0 _.IN 0.0___IN 0.0._ _DOFG_____
oUAD  QOPB 7 7.000 FT 3.975 KG 1.500 IN :
39 1861,485 FT
. e e o APE___ CIRC.. DRE e 6,000 1IN N 0.0 14 0,0 ___IN Q.0__ DEG ___
_ 7 oRf 1 1.93) FT
40  18e3.365 FY
e e e e+ oo APE __ELL ..o QUAD o e 20500 IN o 1.000.IN.__ . 0.0 _IN. % W (71 a2 _DEG ____
Qap  coPs 7 7.300 FY «3.975 K6 1,500 TN
41 1370.385 FY .
o e s e e APE . CIRC. o DRF oo . 66023 IN 0.3._IN 001N 0.0 DEG___
DRF Y 6.000 FT
%2 1876.386 FT ' . :
oo et e e veoane APE __RECT.oe BEND s e e 20000 IN . 1.DGO._IN_. 0.0 . IN. 0.0 IN 0.0 _..DS6G_____
AEND  MB2 ‘10 20.000 FY 7.845 KG 150.000 Gv/C
43 1896.3€4 FT v
R, e o APE e CIRCe e DRF e e e 6,000 [N 0,0 IN.. w060 IN e 0o0__DEG_____
CRF - 1 1,430 FT
44 19T, 784 BY. : .
v e = APE . RECT .BEND ..o . 2,000 IN 86000 IN e 0.0 . IN_.__ 0,0 IN_______ 0.0__DEG___
BEND  MB2 10 22.000 £T 7,848 KG 150, 397 GV/C
4% 1917, 764 T »
e i APEL L CIRCer ORE o o 60333 IN J20...IN 8od..IN 8.9 DEG____
. OREF 1 1,406 FT
46 1919.186 FY ’ ]
et meee e ca e APS oo RECT.eBEND - e weee oo 2,000.IN 16000 TN e i G G I 0sl N 0e0.__.BEG ..
BEMD = B2 10  20.000 FY T2845 KG 150,000 6V/C
7 1939.183 FT
—— . e —ee YUN . L CIRC.. DEAT . e . 4000 TN, e 6.0 . ..IN. 0a0..IN 0:G...055 .o
. TUND - ELL : 360,000 IN 232,000 (N -180, ooo N 0.0 1IN 0.0 OEG
7 1539.183 FY : '
v e e e e e emw o APE e BIRE o DAF e L. . 60000 IM. e e e, D60 % o 0B _IN. De0.. DER ____
CRF . T8 371668 FY . :

&8 221).830 F?

———— e e TUN oo RECT . DIRT...eeooe. 60,000 IN ....o....604000 IN ... 000 . IN .o Gad___IN.__ ___%0_ NEG..___
TUNG  ELL 360.000 IN 252.000 IN =180, 000 IH 0.0 1IN 0.0 DES
48 2310.9%50 FT _ . T .
Y Y T MY of 1Y S| 1 S 3,300 IN J.0__IN 040..._IN 0.0...DEC _ ..
: Y €I1ac - POLY AR 3.000 IN 0.0 - 1IN 0.0 IN 0.0 NER
oRF . . 5 20.000 FT ' _

o - 49 2330849 FT. . . e e meee e et ema e — e e




Pg.36
TM-754

2900.000

I3 4 N0 T3 1A B24 ] RIS —————————— T (3 T ¢ §: Tk 2 1 SLEE=288T7T74,28 PAGE L1
POSLYICHN TYPE CODES PARAMETERS
. NOee. -« LENOTH cone commmabinicon s 2o o e B coetoomormme < Boc e 2 a 4 [
49 2330.,849 FT . ’
.. e e e APE . ~RECT .. .AEND e 26000 (N e 10000 YN o000 .. IN 0.0 _IN_. . 0.0_..-DEG
ABS RECT POLY FE , 2,990 IN 1,003 IN 3.0 N 0.0 IN 0.0 0EG
. REND  M82 10 20,000 FY =T«751 KG 148,200 GV/C
BO. 235QoBET FT o ot o cimmimin e meminn cmn e memme e o e e s s o ot - o = e 2 i
APE CIRC  NRF 6.000 IN 0.8 IN 0.0 IN 0,0 NEG
R i 12400 FY - ’
81l 23520289 Flem . o e o e e e e ——— e S -
APE QECT  HEND 2,000 IN' 1.000 IN 0.0 - 1IN 0.0, IN 0.0 ©OEG
ARS RECT. POLY #E 2,000 IN 1.000 IN 0,0 IN. 3.3 N 3.3 DEG
e e o i mm. BEMB- - MB2 cee oo e L0~ 20.000--FT 2T 0688-KG — 167, 0C- GV /C
52 - 2372.249 FT
APE CIRC  DRF 6,233 IN 0.3 Iy 0.0 IN 0.0 DEG
. . OURE + 1. 1 UV RS ORI T WPV Y I B . o e e o et 4« e e —
© 83 2373.649 FY .
APE RECT  WEND 2.000 IN t.000 IN 0.0 1IN 0.0 IN 0.0 DEG
e o o ARS . . RECT... POLY.. —FE . 2,000 IN.— " 1,000-IN e B0 IN DY N D) L DEG.
AEND  MB2 10 2).000 FT =7.625 KG 145.800 GV/C
54 2393.648 FY
vrme v errn e s s s mm e TN e CIRE . — BIRT e . 64030 [N 00— 1IN 2,933 1IN 3edenDEG e
TUNG  ELL 480,000 IN 252,000 IN =240.C00 IN 0.0 1IN 0.0 DEG
56 2393,648 FY : . .
mmmie cnaiis e o APE s o CIRGC = ORF e - oo 5,006 -IN ce0oC 1IN g.0..IN 0.0 .. DEG. .o
ORF 10  169.400 FT
5% 2563,048 FYV
cemi o cm e e e TN e REC Tor DR T s oo oo 60,000 IN- 43,000 -IN 0.0 —IN [, DO T— ¢ 0a0--.RNEG —
™ND | ELL *' 480,000 IN 252,000 IN ~240,000 IN 3.2 IN 3.2 DEG
55 295£3.C48 FY .
e ee e o covewes APE e CIRCQUAD- o wene -8 000 IN - 0,0 ----IN 0003 0.0_—_DEG
CUAC - 061) [} 4,000 FT 8,494 XG 6.073 IN
58 §5&T.C4e8 FT
BT APE. . CIRC - - ORF . o= §. 000 1N - - 0.0 .-. IN 3.3 N o0 DEG
DRF i 2,000 FT -
ST 2569.048 FY
C e © e eeee - APE - -CIRE o QUAD - comer s e coen 6,033 - IN- - 300 .- IN 828 IN 3.0 DEB
QUAD  0&l0 4 4.000 FYV B.494 XG 6,000 IN
$8 2573.049 FY
e i cmeeme BPE e L RAG - DRF e = 8,000 IN Oelrm IN e B0 B I N eieermaee o (- e BEG
CRF : . 2,200 FT
59 2575.248 7
. . = ~BPE - .CIRC QUAD. = oo .- 6,000 [N- 0eG.-- N s I T 0-0.—DEG..
Qb Qs10 & 4,030 FY 8, 494 KG 6020 1M
6) 579,248 FY .
- - - APE . CIRC - -DRE . vev cncear et 6,000 IN -« .= .- [+ 0%, JUSNPR § | DURIUREISNNY , Y QGO | DUNPUSDNISUSI , P ; NN . -3 - S
ORF | 16.733 FY
61 25GS5.948 FT
. RSN S o APE . S CIRC - QUAD .. .. 60000 IN vt o s e B 00 e (R 8.0 jUN o0, . DEG e
qQuan  gs1) 4 4.000 FT =849 KG 6,000 IN
62 2599.947 FT : . .
. © e e em s APE . -CTRC - PRF o eeeer e e 800330 N 863~ .IN L OoB. DER
NAF ) 1.900 FT

63 2601.A47 FY



Pg.37
TM-754
2900.000

e TIME=268TT4.008 . _PAGE__ & |

SYS DESCPIPTIONG.. . oee ™ = ove e - - e - DATE.9£20/77 e e -
PCSITICN . TYPE [{a]i1.1 : PARAMETERS
_NOo . __ LENGYH e b e e =3 i e b 2 —Y $.. . I -
63  2601.847 FTV T . .
e e inae o APE L CIRC L QUAD e £ 0000 N 0.0 .18 0.0... IN 0,0 066G ____ __
ouUAD  0tlo. & 4,000 FY ~8494 NG 6.000 IN
64 2605.947 FY .
e e o APE..nnCIRC . DORE e oo G0 000 IN Q.0.. _IN [ 0.0 ___DEG —_—
DRF 1 2,200 FY
5  26Ce.C4T FY :
e . ARPE ___CIAC . _QUAD . 60000 IN . 0,0 _IN____ 0.0 __1IN 0,0___DEG
ouan  Qsld 4 4,000 FT ~ “wBe49% KG 6,000 IN T
66 2612,047 FY o
o e e e e TUN. . CIRC. —_BIRY s e 60 JII. IN 0.9 ...1H 2979 AN De0__DEG
TUNG  ELL $40,000 IN 252,000 IN =300.600 I 0.0 1IN 0.0 DNEG
66 2612,047 FY ) :
o e e auAPE. o CIRCDRE. e e 6,003 IN 0.0__IN... 000....IN 0.0___0%6 -
oRF 10 233,600 FY
BT 2845.5666 FT k
e TUN L RECT._LDIRY .. 60,000 IN______60.000_IN . _0.0. _IN 0.0, IN 0.0__0EG _____
TUND  ELL 610.000 IN 252,000 IN «430.000 IN 0.2 M 3.0 DEG
67 284%5.646 FY
e .. APE..__..RECT _BEND ... . ... . 2000 IN._ te500 TN .. _.. Q0. _IN._. 0.0___IN 0.,0___NERQ —_
) 8END  MB) 1) 2).000 FY T05% KG 145,230 Gv/C
68 865,646 FT . :
e e APE L CIREC __ORF . . .. .em. 6000 IN___ % - 0.0 __IN_... IeI.__IN 0.)__ _0DEG
DRF - (] 1.500 FTY
69 286T7.146 FY . . ,
e e e APE L _RECT. nBEND o e 20000 IN 0530 IN 0T __IM_ 2.3 . IN 9.0 DEG.___
BEND  MP3 10 20.000 FT 7.594 KG 14%.200 GV/C
70 2897.146 FT _
Lo v eeeAPE e BIRG. oo . ORFrm rememmer oo B0033 IN 300 I 0.3.—IN 3.0....DEG
. DRF 1 1.200 FY "
TR 288R,.346 FT . -
. ) eee APE . RECT...BEND . commr emrem 20000 BN 3..500 . IN 0.0 .. IN, Da 6. 1N 00 0. DES
BEND  MB3 10 20,000 FY T.594 K 145.200 GV/C '
T2 268,343 F7
. e e TUN .. BIRC. . DIRYF.. e 60000 LN — : Q.0 . IN. 2000014 Qo OFG e
TN ELL 810,000 IN 2%2.200 1IN ~490,00) IN Ded IN 3.6 DEG
72 998,245 FT
L e am APE .. CIRC . . DRF.eo e v oem £ 000 TN —— 0.0 .. 1IN ... [, I8 N IO 1Y J - - S
gRE ] 85.5J2 FT
T3 963.8495 FT : : . .
. e e TUM .. RECT. . AR e momnme e 380000 IN.— 120,000 N 120.000. IN. 60,000 _IN. 000 . DEG e
JUNO  RECT 361,000 IN 121.000 IN 120,000 IN 60,000 tN 0.0 DEf
73 2993.845 FY .
e - - wrem APE L CIRE L ORF  ceee e 82000 IN s v e e e cerrerme e Fo Qe I e 0.0 IN. 0ol DEG. e
“PRF 2 20,000 FT
T4  3013.843 F7 . )
. - Z.APE.. . RECT ORF .. . v .. «%o000 IN eeeme 40000 1§ o oo Ba0e I e 00 @ IN o Ga G L DEG
CILL  RECT  alR DIRT 100,000 IN 30,000 N 0.0 IN 0,0 IN 0.0 NEG
DRF : L 3,333 FT
. -195 .301¢.845 FT - T aemens aremm v e e cm - ter erme  eiee e ——ima -t —— . —
APE RECT ORF 4,000 IN 4,000 TN 0.0 1IN 0.3 1IN 3.2 NEG
' : DRF ] 3.000 FT°
T6 301,845 FT e .. o o e mel e e e e e — - e e —



Pg.38
T™M-754
2900.000

SYS DESCAIPTICH . - mcco v e conmenn core coem o amcmer emreee noe o DATE - 9223473 —nTIVE=206ATT74. 98 PAGE b4

PCSITICY TYre CONES _ A PARAMET ERS
NBo -u LENGTH .  enovee Remos DU DU TR R N — -2 2. 4 5

76 3019.845 FT : , .
el i APE - .REGY.. - BEMD - o i een 720003 INe oo 184000 IN e e 000 N e OoB o IN 0.0 DEG.
REND © MBI 2 . 13,300 FT 14.520 %6 145.200 GV/C -
7T 3033.145 FY . :
. et aee .e APE SRECT . ORF e e o ©#4000- I i 40000 INeee €6 0. _IN . 0o 0. 1IN B0 . DEG. o
DRF 2 26,600 FT : .

78 3059.745 FT

~ o
Pmme e moew e t e e o B s o1 G ome o — P ] (RS
Mo e mma e tmme CmE M SeREe ¢ B e aem B s one e
.o
°
e -— — —— Ers
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oy Seme emem . e e - G o
. - -———- - e—— - oo
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R O R s b R o - e saw -

- e e e e e, cmsemen Smumey s oo . oo



APPENDIX II

RICN CF AEUTRING BFAN,

Pg.39
TM-754
2900.000

The Parameters Used in HALO For The Four Doubler Muon Beams

MUCN MCMENTUN 1 1000.000 GV/C
e IN. THE _HISTOCOANS .fLau..L_svva!_Rspsasaﬂls —-0a14834E Q7. MUCNS . CR. Neurﬂzuus e e+ et e o e 3 e e e 2 e 2o et et S e e e
SYS DESCRIFTICNG DATE 9/22/77 TINE~2562780, % OAGE 2
T poSITION 1YPE €aoES ) . SARAMETERS
NCo LENGT P ] 2 3 (! 2 3 & 3
1 g.¢ FY s . ) .
. TUN RECT  DIRY 60.000 1IN 48,000 IN 0.0 ~ IN 3.3 1IN 6.2 0EG
e e e s TUND....RECT. 900.000.. 1N__“*__sno.oon_xu,4 Q.0___IN =790, 000_IN 0. 0....DEG
3 0.0 £v .
nef ? 24.000 FT
— e ..24.000 £ _ ——m — - e e e -
aps LT UTY 2.25) IN 3.0 IN . 0.0 N 0.0 0NEG
0AD 0410 ] 10,000 FT =5,400 K6 1.000 N
e 3 3R 0000 ET. — —
DaF ‘1 1.500 FT
4 315.500 FY ;
B0s __ _CINC._ QUAD 20250 IMeeoe . e e G0 @ I 008 L IN D0 d . DEG.
‘ CJAD €410 . .5 10,000 FT =$,400 KG 1.000 IN
] 45,500 FT
: nag i1 1.5)3 FT .
6 47.C00 ©T "
ape CIRC  QUAD 2.253 IN 8.9 1IN 0.6 IN 0.0 DEG
QUAY..._Q4LL L1 10.000_FT =%:400.KG oo 1,000 N
7 $7.000 FT
ORE 2 ‘6472 FT |
Y £3.472_F% : I ——— -
- APE CIPC - QUAD 2.25) IN 3.3 1N 0.0 IN 0.0 DER
AUAR Q410 5 10.000 FT 4. TT4 %6 1.000 N
2. 23,472, 51 - . e
ORF Lt 1.500 FT
10 74,572 FT
: - ARE ____CIRC . OUAD. e L 20250 N L N N 4. S GoP. . IN_... 2 0BG
. oNaAD Q410 % 10,000 FV 4,774 KRG 1,000 IN
131 94,972 €7 .
: neE Lo . 1.500 €7 - —— . -
12 96,472 ET :
. APE CIREC  QuaD 2,250 M C.0 1IN 0.0 1IN G.0 NEG
- AUAR_.0410 8 e 10000 Floom 9774 . XG . 1,000 .IN i
i3 96,472 =Y : : : . . .
DRF % 1.500 FT
—Lb o 9T 972 ET. - e - s s e o . .
. AOE CIRS  quap . 2.28) IN - ; 4.0 N 0.0 M 0,0 0€8§
i 9UAD 04140 3 10.000 FT 4,774 KR 1,000 IN .
SENNY L RS X b - 5 1 2 3 : — - s e mnor e e e amre o mommn m < e v o — e«
. peF 3 1.500 FY
16 . 109,472 FT, i .
e e = et wAPE L CIRC QA 2 e 20250 P e R0 BN 0.0 AN e 0.0 DEG_ .
- ‘ oep 0410 . 3 10,000 FT ~3,297 us 1.000 1IN .
17 116,472 BY .
UGN . ). | - S oot 8500 FT. : . et o e e e e o e . mmere + warr S arey o —oee vmemoenna
18 © 120,772 FY i
« T A®BE CIRC  'CAD 2,250 IN : 0.C 1IN 0,0 1IN 0.0 OEG
! 0YAZ ....2410 5 10.000 Pl 236297 K& el oo 12000 13, ,
19 130.7372 €7 .
. . ) nae 1 $.500 FT
20 132,412 £T . : S, R ——— —e e g -
. - 40€ CIRC  QuAD 2.253 IN 3.3 IN 8.8 IN 00 DEG
a0 dile FY 3,207 #6 1,000 TN

5 10.000

21 _T42.472 E1

e m s e o

. A At
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TM-754
2900.000
SYS DESLRIBY 10N, n ) BATE 9722777 TINE-26ATB0.94% _ . BAGE 3
PCSITICN TYPRE CODES PARANETERS
NG . LENGTH B | 2 3 L 2 .3 4 s
133 142,472 &7 ’ ’
. NAF i 1,500 FT
22 143.522 FT L
- APR CIRC QuaAn 2,253 IN . 0.0 IN 0.0 IN 0.0 DEG
QuAD Q410 ] £0.000 FT ' =1e341 ¥G 1.000 IN :
——23 - 153.522 57 . . - -
DRF 3 1%.500 FT . - .,
24 168,472 FY . : . . :
ARS RECT REND 3.000..IN 2000 M _ 0.0 L IN . 0.G._ (% P« DY O + | -1 W,
RE ) L1:Y s 20.000 FT =~11,250 KG 600,000 GV/C ’
25  18R.4T2 FY . - SRR
DRE 8 45,000 .FT i e oo
28 233,472 ST o : :
APE RECT BEND . 3.330 IN 2,300 1IN <1003 IN 0.0 N 8.0 1134
azyn 1YY L 20.000_ET _ 134250 KG. oo 600.000_GV/C . ; - —
27 253.472 FT i . .
DRF 3 1,330 FT
29 254,412 EY et r e+ e ee e 2o
Av¢. RECY B END 3.006 IN 2,033 IN =1.303 Id 0.2 N 02 DEG
o KEND MBS 5 - 20,000 FTY 114250 KG 600,000 GV/C - :
29. 274,411 ET e s e et e vanns et e e 1 e e o e
NRF 8 45.000 FY
30 319,471 &Y : .
AOE RELCT REND, 3.0 IN .. —2eJ00 IN 0.3 LINL L3I IN . .. Do) __ NEG. ———
REND L) -8 20.000 FY =11.,250 K6 AQ0C,000 GV/C :
3 339.47% FT’ : :
LRE 3 14,530 FT " — e ———
22 223,871 FY .
: avE ‘LIRC TUAD 2,250 IN, 6.0 iN 00 iN . 34 OER
CUAD. . ..C4L11 | E2e000 FY 2,682 K6 .. _. 1,000 1N .
33 383,570 FY .
CRF . 2 10.000 FYT .
34 . .373.21C.EX . : - = -
L2 S (] O’ F 4. 000 IN 0,0 N, 0.3 IN 9.0 NEG
cotL RECT vag DIRY . 923,300 1M 900,000 IN 0.0 N «=T780.000 1IN . 0,0 DES
: _ - DoF —108 . 190,000 F¥. e . ' : -
35 543,970 F¥ : : )
. ApPE cI’c cuan . 2,250 (N ’ 8.0 IN 0.0 . IN Qe 0 NEG
— r— CLHAR.. Q410 3 10,000 FY e =2:6%82 KG.. o ...L.000 IN___ PR, - -
36 573,970 FY ] . .
APE [ £1+ npE 4.000 IN . 0.0 ™ 0.0 N 8.0 DES
U cRE 2 10.000 EY " Ct - e e e e s e e e
3T 5€3,669 F¥ ) .
. . APE CIRG NeF 4,000 M g.0 |4 ] 0.0 w 0.0 DER
— roLL REST o VAC o DIRT. 9300333 IN e 08320920 IN e D0 d L EN L =782 ,333. IN__ e d e o DEG o
OPF 10 190,000 FT . R :
8 173.569 EY )
. APE o CIRL. __(SAG " —-2.25) IN N . 060 AN e 00 IN . 0,0. _OEG__.._..___ -
L oUAG  Q4lQ s 10.000 FT 2.682 K¢ 1.000 1IN
39 783,969 FT . . -
s o et e APE LIRC _ORE - e %2030 N P 0.0 __IN -0 IN. e 00, Q0BG
DRF 2 10.000 FT

&0 7Q1.04AQ &7

BB AN ) ANRe
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TM-754
2900.000
SYS DESCPIRTION, ) DATE 9722777 TIME«268780,94 - PAGE &
PCSITICN TYPE CODES PARAMETERS _
NOo LENGTH 1 2 1 2 3 4 s
43  763.569 BT ‘ . : :
A€ €IRC  nAFf 4,000 IN 0.0 iM 0.0 IN 0,0 DEG
coLe RECY. . VAC niay 900, 000 IN._..o.. 900,000 LN D60 AN =T82,07QIN 9l DEG
nar 19 193.000 FY
61  983.%69 FT ’ :
APE .. CIRC__ QUAD . . 2.25) IN 8.3..IN Qe3 . IN 3a0 _DEG . e,
quan  Calo 5 . 10.000 FT =2.682 KG - 1.000 IN
42  993.568 FT . '
APE £3isC LRE 4£.03) IN 3.9 i 0.0 N N.0__._DEG..
DRF 2 10.000 FY
43 1003.968 €T
. APE £1ec _ ORE 4.000._IN L 0.0...IN 0.0 _IN Da Q.. DES
COLL  RECT  VAC DIRT 992,900 IN 990,000 IN 0.0 IN =780,333 IN 0.3 DEG
ORF 16 190.000 FT
e Bb_ 193,588 EY .
aog  CIRC  Quao 2.25) IN 0.0 IN 0.0 IN 0.0 DER
ouAD  Q4lo $ . 10,000 £V 2.682 KG 1.000 N
45, 1213,.968 €1
APE CIRC  DRF 4,300 IN C.0 1IN 0.0 IN 0.0 DEG
DRE 2 10,000 FV
46 5213,967 87 . .
APE CIRC  DRF 4,000 IN 9.0 IN 0.0 I 0.0 DEG
faLL  RECY WAL DIRY 900, 00U IN 900,000 N 8.0 IN «=¥83.233 N 3.3 DSG
neg 10 . 190,000 FET.
47T 1403 .967 °T . o :
Py cI8C  quaD 2.250 IN 0.0 N ‘0.0 1IN 0.0 DEG
QAR 0410 L3 10.000.FL 2,682 _KG_ 1.000.IN
4% 1411,.567 FT ’ .
. £rg CIRG  ORF 4,000 IN .0 IN 0.0 IN 0.6 DER
LRE 2 10.000.FT
49  1423,687 &V :
| APE CIPC  DRE 4,000 IH 0.0 M 0.8 INM 0.6 DEG
€0 BECT ... WAL PIAY 900.000. IM e . 300000 18 Dof.... i =782.933_ 1IN Q.0 DEG
pag 16  190.000 FT .
50 1633.965 FV :
: APE riac IAG 2.250 _IN g.C j 4] =l IN f.0....DEG
oUAD T G410 3 10.000 FT 2,692 Kf3 1.000 IN
SL  [e23.656 FY- . ,
i ARE LIRE._DRE - 4,000 . IN D0 .. IN Ool.IM. 0.0 DEB. .
. ‘ €aF - 2 10,000 FT
82 1€33,564 FY .
A%E LIRL. . ORE 4,000 LM .- - 0.0 IN 00 Mo Ba 0 DES
COLL  RECT  VYAC DIRT . 900,023 N "399.200 1IN 2.0 IN =783,93) IN . %3 NEG
pus 10 190.000 FT : :
——33.1821.966 ET ..
APE CIRC 940 2.250 1IN g.0 IN 0.0 IN 0.0 DEG
DIAD Q410 . L] 10,000 FT 2,682 KG 1000 N .
48 __ 1893, 885 £7% ——e .
aPE CI{RE °~ NS 4.000 IN 0.0 1IN 0,0 IN 0.0 DEG
pRF 2 10.000 FY :
—38 38630663 F T R -
} AP % CIRC  NRE 4,000 IM 0.0 N 0.0 N " 0.0 NEG
chLL  RECT VAL giar 903,333 IN 3.0 14 «780.000 IN 8.0 NEG

eofF

&

ALY ALK

ey

- ee— 10 _..190.000 FT.

937.637 IN

RO e —- etz
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T™™-754
2900.000
SYS DESCATPYICN, DATE 9/22/77 TINE=264T80,94 PAGE &
POSITICN YYPE CODES . . - PARANFTERS
HO. LENGTH 2 ! 2 . 4 5
72 3953.661 FY .
. APE CIRE  nRE 4,000 IN . 0.0 IN 0.0 1IN 0.0 DES
— e O9E 2 13.033 EL :
73 $103.6€1 FY -
APE CIRC  DoF 4,000 IN 0.0 IN 0.3 N 0.9 - OEG
— e COLL ___ RECT . _VAC_ ___NPSY__ 300.000 IN____.___900.000_18 0.0 IN =780,000 IN ... 0.0 _ DEG__ - ___
ORF 10 - 190.000 FT . : ) )
74 3293.960 FT
AgZ CI8C.  £UAD 2,250 IN 0.0_..IN BoO __IN ____ . 0.0__DEG
. o1aD 0410 5 10.000 FT 2,682 KG 1.000 1IN
75 23083,663 FY . .
R ARE L1180 DRE @a000 IN i e e e Q.0 ... 1% 4.0 N 0.0 __0EG e
CRF 2 10,333 FT . :
7¢  3212.5¢C FY
a0£ CI13C___PRE : 44333 0N - Qa0 N 3 L LIM L 9.9 NEC.
€nLL  RECT  yaAC DIRY 900.000 IN 900,000 IN 0.0 IN -74G,000 IN 0.0 DSER
£RF 10 190.000 FY
2T, 3503.543 °T — 2
APE CIRC  QUAD 2.250 1IN : 0.0 IV 0.0 1IN 0.0 DES
ans CIRC 8% BE 2.250 IN 0.0 IN 0.0 IN 3.3 NEG
SCUAT 1410 §...—_10.000 FY =2.458_KG —e1aC00_ 1N
78 3313.959 FT i
APE CIRC  DRF - 3,930 IN 2.0 IN 9.3 IN 2.3 DEG
ABS RECY __8E £E 60,000 IN 48,000 IN . 0.G._IN 0.0___IN 0.0 NEG
) Lo F I 1,500 FT )
1§ 3515,659 FT ) ) :
) Ape RECT . B5ND 3.000 §N 2,000 IN_ DaQ N 0.6 IN_____ 0.0 DEG —_
aas RELT  @F (13 3,003 IN 2.0%0 IN 3.3 1IN 0.0 N 0.0 DEG
. AEND  uB6 g 20.000 FT 11.000 KG $50.000 GV/€
80.__353%.453 F7 . [ —————— = s s s ot o0’ ¢ amaen e
. &0E CIRC  ORE %0300 IN c.0 1IN 6.0 1IN 6.0 DEG
£OLL  PECT  VAC DIRY 900,000 IN %00 .000 IN 0.0 N <780.000 IN 0.8 DEG
— LAE e e 3 28.500 EY — - O
81 15£3.656 FY ,
THN cCIRC DIy 3,000 IN 0.0 1IN 0.0 W™ 0.0 DEG
_ TUND. . RECY 203,030 N e 9306933 AN 0.7 __IN _...=T80.090 . IN.....__.__0.0_. DEG —_
8L 3563.5%9 FY
APE CIRG  S€R 2:300 1IN Y2 1M 3.3 IN 3.9 NEG
st - e m o LA rmen o s AP 85D 00 FT e e85 0000 KG. oo 008 o IN e 20000 N 3,000 IN, ot
82 3713,%58 F7 : : .
THA RECT  OffT 60.000 IN 48,000 IN I L 6.4 1IN 0.0 DEG
: TUNQL_ RECT o 500,000 IN e 900,000 . IN .. 6.0 — INL.0e =TA0.000 IN . o Q.0._.DEG. . ____ __.
82 . 3713.4%% FT k :
4pE  ° CIRC  qQuap 2.250 M 0.0 1IN 0.8 N 0.0 DEC
MWAN - Q410 .. [} 50,000 FY e 20458 KG.ooe e ) 2000 L INL — e e+ e e oo
3 3723.4%58 FTY . .
T APE CIRC  DPF 4,000 N 0.0 N 8.0 IM 0,8 O0EG
COE__ . 2 10,033 EX [, - v ot e « < et n
84 733,36 £Y
Ty CIRC  nfayv 3.000 §N » 0.0 1IN 6.0 IN 1.9 BEG
T4AG_RECT. 200,000 IN . _..._900,000..IN eBol I =T780.000 IN _______ 0.0._ DEG.___. —

84

3733.958 FT
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TM-754
2900.000
SYS DESCRIPYTINN, DATE 9722717 TINC=25AT80.94 PAGE L}
PCSITICN YYPE couss PARAME TERS
NO. LENGTH |3 2 3 i 2 3 L) %
§4 4343,518 FY v . -
. Ape CIRE  QUAD 2.250 IN 6.0 IN 0.0 1IN 8.0 DEG
— e MIAD J410 8 10..008 ET =2,.4%8_XG L0000 1IN
95  43%53,534 FY '
APE CIRC nak 4,000 [N 0.0 iN 0.0 ~ IMN G. 0 DEG
- R F 2 10,000 ET i}
S8 4363.533 FY . .
A0 E CIRC  DRF . 4,000 IN 0.0 IN 0.0 1IN 0.0 NEG
rapy . RECT VWAL DIRY 900.000. .. —.200.000_IN Cal. . IN =780.000. I8 . 0.0 ___ DEG
. crF 10 190,000 FT :
$T  4553,526 ©Y
ARE CIRG.. . QUAD 2.250 IN. —— Q.0 _IN S 0.0 1IN 0.0.._9EG
. . ot1A0 Q410 s 10.000 FT 2.458 K& 1,000 1N
€8  45£3.922 £7 :
ARG £ler DRE 4.000 1N 0.0 . IN_ 0.0 ___IN 0,0 DEG . ___
. CRF 2 10,000 FY :
9  4577,.610 FT
jo € CIRC NRE 4. 000__[N 0.0 IN 0.0 IN 0.0 neEq
COLL  RECT VAL DIRY 92).00) M 930,030 IN - 0.3 1IN =780.33) IN 0.0 0EG
DRF 16 190,000 FT
100, 4763.914 €T s -
APE CIRC  QUAD 2,250 IN ‘ 0.0 IN Ge0 IN 0.0 NEG
ouan Q410 . s 10.000 FTY =2,458 KG - 1.000 N
193 6171.S13 FT e S -
APE cirg ORF L 4,000 IN ’ 0.0 N 0.0 N 0.0 NEG
COLL  QECT  VAC BIRT 900,000 1IN 000.000 TN G.0 IN =7804333 1IN 3.0 DEG
QRE 5 .93.000 ET. - .. e -
102 4RE3,9C6 T
ape RECT  9FND 3.300 M 2,009 IN 3.3 1IN 0.3 1IN 9.0 DEG
aEnf . vAag [ 20,000 F1 11,000 .KG. ... 550.000 GV/C
103  4R83,902 FT . .
. 4PE CIREC  ORE %,003 I 0.0 N . 0.0 M G.0  DEG
LALL BRECT VAL RBIRT $00.000. .18 ... 900000 IR 0e0Q...-IN. 2780 .000. TN .. 0: 0. DEG
) ORF 10 . 111,533 FT
104 ‘45¢€?, 252 FT
. BPE (ol 1 ¥l NRE [ DA DR ¥ ¢ } B0 .-IN 2. N DY DEG e
- (4R N RELT VAL DIRY 8999 .996 IN 900.000 1IN 0.0 N =7%0,000 N 0.0 DER
LYY 10 6599.996 FT

e 103 11963.,269 ET



Pg.46
Al T™™~754
2900.000

APPENDIX III

PROPERTIES OF THE MUPIPE

A) Magnetic Field

. = a5 .
Using $H.ds =1 we obtain

—
H(r) =0 A r<a
ﬁ(1‘)= 1 E r>b
2rr :
2 2

- I(r-a) A

0
H (1) _an(z 2) a<r <b

- —
B(r) = u(H) H
Of primary interest is the region a<r<b. Figures Al and A2 show the
relevant quantities for pure iron and for hot rolled low-carbon steel.

( See reference 11). The parameters were I=5000 amps, a=2 inches, and
b=3 inches. d=r-a. In both pure iron and hot rolled steel, the mag-
netic field attains very high values after only penetrating a small

distance into the mupipe wall.

B. Power (D.C,)

p=IR= 1" L
2 2
Tl'ib —a.)
. -5 _
Using p = 1.6 x 10 = cm, we obtain

ﬁ = 4 watts/cm = 122 watts/foot
L
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Deflection in pure iron

Piws - 0.15/ L = 0.113\{L. GeV/c (J:nei:ers)-l/Z
0. 0176 m

= 0.03BL

B

T -8 . Q.03BL 265BYVL kg-lmeters -1/2
p..LMS 0.113VL

At what angle does a particle have to enter the wall of the mupipe so

that L is large enough for p - > p ? For a particle that enters
LB 4ims
the wall at an angle 9, L(G) can be found from:

2
L Zp 8+2pd-pd9 -Zpe\/pe + 2pd - d-pdG
p the radius of curvature

d = depth into the wall

2

“For a particle that overcomes multiple scattering, the average B field

is 16. 7 kg and calculating L, gives L=9 meters for p = 800 GeV/c, and
L=3 meters for p=100 GeV/c. Figure A3 shows T vs L for several
angles and indicates that the field wins over the multiple scattering

at ~ 0.008 mr for p=800 GeV/c, and at ~0. 03 mr for p=100 GeV/c.
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